Although earthquakes are large idiosyncratic shocks for affected regions, little is known of their impact on economic activity. Seismic events are rare, the data is crude (the Richter scale measures the magnitude but says nothing of the associated damages) and counterfactuals are often entirely absent. We suggest an innovative identification strategy to address these issues based on the so-called 'Mercalli scale' ranks -a geophysical methodology devised to gauge seismic damages relying on a newly compiled dataset following 95
Introduction
To what extent seismic events which result in capital losses and create disarray in many sectors of the economy generate deviations of output from trend? Major recent episodes, such as the 2011 'Tohoku' earthquake in Japan or the 2010 event in Haiti, have revitalized the debate around this question but no consensus has emerged in the applied literature (reviewed below).
Despite the vastly different identification strategies employed so far identifying the effects of seismic events on output (and employment) has proven to be challenging. In this respect, three main empirical challenges have emerged. First, seismic events are large idiosyncratic shocks at the local level but tend to be negligible in aggregated terms, especially in advanced economies. Thus, employing national data tends to bias downwardly the estimates of their impact on economic activity. Second, seismic events are rare and counterfactuals are often entirely absent. Finally, while the moment-magnitude (measured by the Richter scale) is strictly exogenous to business cycle fluctuations, it is only weakly correlated to the severity and extension of the generated damages which instead vary according to a large number of factors, including the deepness of the epicenter, the type of seismic waves (undulatory vs. sussultory), and the vulnerability of civil structures.
In this paper we contribute to the ongoing debate by suggesting an innovative identification strategy based on a newly compiled dataset covering 95 Italian provinces 1 over the period 1986 to 2011 (for a total of 22 seismic events) which provides an ideal setting to address the aforementioned empirical issues. While the literature focuses almost exclusively on the effects at the aggregate level we call the attention to the local dimension which offers an ideal ground for identification. Also, because the Richter scale is only weakly correlated to the associated damages 2 (see section 2 for details), we rely on the so-called 'Mercalli scale' ranks, a geophysical methodology devised to classify seismic damages on twelve notches from 'instrumental'
(I) to 'catastrophic' (XII). The Mercalli scale, which is based on a narrative description of the severity of the damages, is used as a proxy of the capital stock loss suffered at the local level.
1 Italy is one of the most seismic countries in the world being located in between the Eurasian and the African plate. Statistically, the country experiences a significant earthquake every 4 and a half years. Thanks to a long history of records the National Institute of Geophysics and Vulcanology (INGV) provides the information on all recorded episodes.
2 The correlation between the moment magnitude and the severity (and extension) of the damages is zero across provinces affected by the same event because there is only one magnitude for each earthquake measured at the epicenter while the damages vary greatly across provinces.
In our empirical investigation we consider two alternative dependent variables, the rate of change of provincial output and the employment rate. We identify the impact of seismic events using as a regressor either a strictly exogenous dummy variable (for all provinces reporting at least one municipality above Mercalli III) or the provincial Mercalli ranks (either the maximum or the average of the ranks assigned to the municipalities in each province). Non-linearities in output (and employment) behavior are captured by including the square of the Mercalli rank as a regressor. Possible endogeneity issues of Mercalli ranks are addressed by running instrumental variables regressions using the geophysical characteristics of each event (the moment-magnitude and the distance of each province from the epicenter) as strictly exogenous instruments.
Our results, robust to a large set of checks, lead to three main conclusions. First, we provide evidence that seismic events do not display a significant impact on economic activity. This result applies to both, the year of the event and the medium term. While the point estimates in our regressions exhibit a negative sign, the standard errors are large in all models making the coefficients insignificantly different from zero. The same conclusion is reached when considering the employment rate as dependent variable. Secondly, we obtain the same results when focusing only on the epicentral provinces which typically report the highest and most extended damages. In other words, our evidence holds at "any level of damages", including for the most devastating events. Also, Italian provinces show a peculiar 'insular' aspect as the negative spillover effects from the epicentral province to the neighbors are tested to be negligible. Finally, our results are checked against ideal counterfactuals: contiguous provinces ex-ante identical that differ ex-post according to the Mercalli rank. The graphical evidence emerging from the counterfactuals largely confirms our results.
Our study contributes to a literature which is still in its infancy. Recent papers have debated regarding the impact of seismic events on output dynamics, but no consensus has emerged so far. Some authors argue that earthquakes (and more in general natural disasters) are setbacks for economic growth (Barro and i Martin [2003] , Raddatz [2009] ). Along these lines Toya and Skidmore [2007] and Noy [2009] suggest that most of the cross-section standard deviation of output behavior can be explained by specific observables. Countries with a higher literacy rate, better institutions, higher per capita income, higher degree of openness to trade, and higher levels of government spending are better able to withstand seismic shocks (Noy [2009] Cavallo et al. [2013] argue that only extremely large events have a negative effect on output in both, the short and long-run but only if they are followed by political instability while Loayza et al. [2012] find that they might activate a creative destruction process even in the short-run. 4 .
The rest of the paper is organized as follows. Section 2 explains our identification strategy and introduces the reader to the Mercalli scale. Section 3 presents our empirical models. Section 4 explains the characteristics of our dataset. Sections 5 shows our baseline results and robustness checks. Finally, section 5.3 concludes.
The Richter and Mercalli Scales: Identifying the Impact of Quakes
In 1935, the American physicist Charles Francis Richter, at the California Institute of Technology, in partnership with Beno Gutenberg developed a methodology to quantify the energy released during an earthquake. Richter and Gutenberg created a base-10 logarithmic scale, which is now known as 'Richter momentmagnitude scale' (or simply 'Richter scale'). The magnitude is based on the 'seismic moment' of the earthquake which is equal to the rigidity of the Earth multiplied by the average amount of slip on the fault and the size of the area that slipped. An earthquake ranked at 6.0 on the Richter scale has a 'shaking amplitude' 10 times higher than one that measures 5.0 and corresponds to a release of energy 31.6 times larger. Nowadays, the magnitude is recorded using an instrument called 'seismograph'.
However, before the invention of seismographs, another scale was developed to categorize earthquakes.
In 1783, two Italian architects (Pompeo Schiantarelli and Ignazio Stile) suggested a rudimentary scale to classify the damages generated by the devastating event of that year that stroke in the southern part of the peninsula. The scale underwent several revisions over time and is now known as 'Mercalli scale', from the Italian vulcanologist Giuseppe Mercalli who modified it in 1908. The scale is defined on twelve notches ranging from level I (instrumental) to level XII (catastrophic). The twelve levels are used to categorize the effects of a seismic event on the Earth's surface, human beings, objects of nature, and civil structures. As an example, we report the definition of level VI (strong) of the scale while the remaining levels can be found in over time. Although we control for this factor, the analysis of its direct impact goes beyond the scope of this paper and we reserve to investigate this aspect in more details in future research. 4 For an excellent surveys of the literature see Noy [2009] and Hochrainer [2009] .
the Appendix. The 'macroseismic intensity' (meaning the destructive power) of an earthquake is not entirely determined by its magnitude. While every earthquake has only one magnitude (recorded at the epicenter), the damages and therefore the Mercalli ranks vary greatly from place to place. In general terms, the negative effects differ across municipalities according to the distance from the epicenter, the degree of urbanization rate, and the structural properties of the buildings. Using the National Institute of Geophysics and Vulcanology (IN GV ) database, figure (1) shows the correlation between the moment-magnitude and the maximum Mercalli rank registered in all recorded episodes in history (3,176 events in total). We also plot the best fit of the data with the 95 percent confidence intervals. As expected, there exists a positive correlation between the two variables.
7 On an average, if the magnitude of the earthquake increases by one level of the Richter scale, the severity of the damages measured by the maximum Mercalli rank increases by 1.92 levels of the Mercalli scale. However, the same magnitude can be associated to significantly different levels of damages across episodes. For instance, a 6.0 event on the Richter scale generates damages between level VI ('strong') and level X ('intense') of the Mercalli scale. both in the 'Umbria' region. The cross-sectional heterogeneity of damages across provinces visible in figure   2 is at the core of our identification strategy explained in section 3.
8 The Department of Civil Protection is a structure of the Prime Minister's Office which coordinates and directs the national service of civil protection. When a national emergency is declared, it coordinates the relief on the entire national territory following natural disasters or catastrophes. In this case, the council of ministers declares the 'state of emergency' by issuing a law by decree and identifies the actions to be undertaken. 
The Empirical Model
We identify the impact of earthquakes on economic activity by regressing the rate of growth of provincial output on a variable capturing the presence of an earthquake in year t in province p. Seismic events are assumed to be strictly exogenous. In our baseline we specify six models, the first one of which is expressed by
where
, y p,t is per capita GDP in province p in year t, ↵ p and t are provincial and time fixed effects respectively, ✓ 0 is a vector of coefficients, X p,t contains a set of controls, and " p,t is an idiosyncratic shock. The coefficient of interest is . The variable Earhquake p,t is a dummy taking the value of '1' if province p reported at least one municipality with a Mercalli rank higher than III in year t. This assumption maximizes the number of positive entries in the dummy since we consider as 'affected' two levels (III and IV) which are not associated to damages to civil structures. However, our choice ensures that potential negative spillover effects are captured by the model (for instance people might commute from/to neighboring provinces which we consider as 'affected' if sufficiently close to the epicenter). Finally, assuming that the output loss is inversely correlated to the distance from the epicenter (and positively to the Mercalli ranks) from this model we estimate an upper bound of since we include in the dummy Earhquake p,t provinces reporting lower damages being located farer away from the epicentral region.
As a second approach we replace Earhquake p,t with a dummy (Epicenter p,t ) that takes the value of '1' only for the epicentral province in each event, the province where the epicenter was located by IN GV .
This second approach is more restrictive and reduces the number of 'affected' provinces to the number of earthquakes in the dataset (22 in total). From this model we estimate a lower bound of , our prior being that the output loss is the higher, the closer the province to the epicenter.
Third, in order to account for cross-sectional variations in damages across provinces and seismic events we modify model (1) by replacing the dummy Earthquake p,t with the Mercalli rank (Mercalli p,t ) of province p in year t. Formally,
where ⇣ p,t is an error term. As a measure of damages we consider the maximum Mercalli rank among all municipalities in the province; in robustness checks we employ the weighted average using the population as a weight and show that our results are fully robust to this assumption 9 . Also, in order to account for possible non-linearities of output behavior with respect to the severity of the damages we add the square of Mercalli p,t as a regressor.
In the last two models we use an instrumental variable approach. An endogeneity bias in our estimates might arise if the Mercalli ranks are correlated to output dynamics -for instance if richer provinces have buildings ex-ante less vulnerable to seismic shocks. Our strategy is to run model (2) instrumenting Mercalli p,t using the strictly exogenous geophysical characteristics of the events. As a first approach we create a municipal-specific indicator (Intensity i,t ) that proxies the local 'macroseismic intensity' of the event, meaning the destructive power at the micro (municipal) level. This measure interacts two exogenous variables:
the moment-magnitude and the inverse of the distance of each municipality from the epicenter. Aggregation at the provincial level is done by taking the unweighted average and use it as a strictly exogenous instrument.
Formally, the Intensity in province p in year t is defined as
where N p is the number of municipalities in province p. Ceteris paribus, the higher the magnitude (or the lower the distance from the epicenter), the higher the 'Intensity' of the event in province p. As a second approach we use three separate instruments: the magnitude of the event (Magnitude), the inverse of the distance 10 from the epicenter (1/Distance) and its square 1/Distance 2 . The strict exogeneity of the instruments is ensured by the nature of the variables, being determined only by the geophysical characteristics of the 9 The implicit assumption is that -conditional on Mercalli ranks -the damages are uniformly distributed across types of buildings (especially 'productive' vs. 'non productive'). For privacy issues the details about the damages reported by each affected building are not publicly available. However, partial information is available for the 2009 'Aquilano' event. For this earthquake, the distribution of damages severity across types of buildings is indeed uniform. Furthermore, disruption to economic activity might arise even if productive buildings are not directly affected (roads might be damaged, internet connection might be interrupted, etc..).
10 The distance is calculated as an unweighted average of the distance of each municipality in the province from the epicenter.
earthquake. Every regression is run twice: the first time allowing for a constant term and time fixed effects only; the second time adding all controls (see B for details on control variables). Finally, to study the dynamic impact of seismic events on economic activity we allow the lags of the main regressor. Model (1) is modified as follows
The variable Earthquake is then replaced with Mercalli to consider the heterogeneity of damages across provinces. The regressions are run 6 times, progressively adding lags and controls.
Data
Our dataset is a balanced panel of 95 provinces observed over the period 1986-2011 at yearly frequency for a total of 2,470 observations. Geophysical data are provided at the micro-municipal level of disaggregation and they cover the following information: the date of the event, the moment-magnitude (measured by the Richter scale), the geographical coordinates of the epicenter, and the Mercalli ranks of each municipality. Out of 2,470 entries the dummy Earthquake p,t contains 245 positive values. No provinces were affected by two events in the same calendar year. If an earthquake stroke in the last two months of the year we attribute it to the next calendar year.
Our results are insensitive to this choice. A summary of the descriptive statistics is reported in section C.
Aggregation of municipal data at the provincial level is performed by taking the unweighted average 13 of 11 Although we have been able to construct the longest time series of provincial GDP growth available at the moment for Italy, the panel structure still contains a large N and a small T. Therefore, typical asymptotic properties of Fixed Effect panel data model estimators (such as Within-the-Group) applies in this case.
12 For the period 1986-1995 we use the estimates released by the statistical office of the 'Taglicarne Institute' as in Acconcia et al. [2011] .
13 On average a province is composed by 73 municipalities.
all observations within the same province. Finally, all complementary data (control variables) come from IST AT . Section B reports the list and the definitions of these variables.
Results
The results of our baseline are reported in tables 1 and 2 for output and employment, respectively. The columns in each table reflect the models described in section 3. The last four columns of tables 1 and 2 refer to the instrumental variables approach. For completeness, we show both stages of the 2SLS procedure (the first stage is denoted with an 0 f 0 ). As already mentioned, the regressions using output as a dependent Table 3 shows the dynamic results; the number of observations decreases to 2,185 as the models progressively allow for lags. 
13
The main evidence emerging from our baseline is that the coefficient of interest ⇣ˆ ⌘ is not significant in any model. While the point estimates are virtually all negative, the associated standard errors are high making the coefficients not significant. Only in model 2 of table 2 the coefficient of Epicenter is highly significant (with a positive sign); however, when controlling for other observables the significance disappears. Table 3 shows that this result extends to the dynamic impact since no coefficient is significantly different from zero. 14 This result is less surprising for model 1 because the definition of 'affected province' includes observations more distant from the epicenter, with a lower Intensity and Mercalli ranks. However, our main evidence holds for the epicentral provinces which typically report more severe and extended damages.
Our results also suggest that local economies may be 'insular' in their response to earthquakes offsetting the potential negative spillover effects induced by large negative supply shocks at the local level. Furthermore, when the variables Earthquake and Epicenter are replaced with our measure of damages (Mercalli) we obtain the same results of models 1 and 2: the estimated coefficients remain insignificantly different from zero for both variables, Mercalli and Mercalli 2 . In contrast with a common belief, earthquakes do not display a significant impact neither on (local) output growth nor on employment, 'at all levels of damages severity'.
Finally, the instrumental variables regressions confirm the previous evidence. The coefficient of Mercalli remains in line with the fixed effects estimates excluding a potential endogeneity bias. The first stages of the 2SLS reveal that most of the cross-sectional variation across Mercalli ranks is explained by the exogenous characteristics of the events: the moment Magnitude and the Distance from the epicenter. Column 5f reports the results by regressing the variable Mercalli on the synthetic measure of macroseismic Intensity using OLS. The estimated coefficient is highly significant and the positive sign is in line with the prior: ceteris paribus, the higher the Intensity, the higher the Mercalli ranks. On average, increasing the Intensity of a province by one unit increases the corresponding Mercalli rank by almost two notches. The same evidence emerges from column 6f that reports the results of regressing Mercalli on Magnitude, the inverse of the Distance, and its square. All regressors are significant at one percent level and the R 2 suggests that virtually all variation is explained by the exogenous regressors. 
Counterfactual analysis
As a complementary exercise, we perform a graphical counterfactual analysis comparing the output behavior of the provinces where the epicenter of each seismic is located against the output behavior of a counterfactual selected among the neighboring provinces. The ideal counterfactual is chosen taking the neighboring province ex-ante identical to the epicenter province but that differs ex-post in terms of damages.
16 Stock-Yogo weak ID test critical values for single endogenous regressor are between 22 and 5 according to the maximal IV size.
17 In our models the joint null hypothesis is that the instruments are valid, i.e., uncorrelated with the error term.
18 Under the null, the Sargan-Hansen test statistic is distributed as chi-squared in the number of (L-K) over-identifying restrictions, were L= instruments, and K=endogenous regressors. A rejection casts doubt on the validity of the instruments. Figures from 3 to 12 plot the evolution of output for the provinces selected as treatment and control for each earthquake 19 . The vertical line indicates the year of the earthquake. In all cases the two provinces exibit an identical output behavior before the event but while the provinces of the epicenter were extensively affected by the earthquake, only marginal damages were reported in the control ones. As an example, consider the "Appennino Umbro-Marchigiano (1997)" event shown in figure 7: in the treatment province (Perugia) 54 municipalities out of 59 20 (representing 96.2 percent of the population) had a Mercalli rank equal or above V with a maximum Mercalli rank of VII-VIII, while the couterfactual province (Roma) suffered only marginal damages (8 municipalities, for a total of 1.3 percent of the provincial population had a Mercalli rank equal or above V and only two of them were ranked at VI 21 ). Therefore, our graphical analisis shows that output does not systematically deviate from trend the year of the event or in the following years in all cases, confirming our baseline results. 19 We are considerting 10 of the 22 events included in the dataset. In particualr we base our couterfactual analysis analysis only on the events with at least 4 years before and 4 years after the quake, moreover we have taken into account only earthquakes with an average magnitued above Mercalli scale V. 20 The five municipalities below level V were: Bastia Umbra, Fratta Todina, Monte Castello di Vibio, Paciano, and Scheggia e Pascelupo. 21 The list of municipalities in the province of Rome involved in the 1997 event is as follows (Mercalli ranks and population in brackets): Ciciliano (V -1,105), Mentana (V -34,326), Montelibretti (V -4,881) -Nemi (VI -1,702), Ponzano Romano (V -1,013), Riano (V -6,148), Riofreddo (VI -770), and Roccagiovine (V -293).
Robustness Checks
We verify our baseline results against three alternative specifications. As a first check we eliminate from the sample the events with a Magnitude below 5.75 (the mean plus one standard deviation). In this way the variables Earthquake, Epicenter, Mercalli, and Mercalli 2 assume positive values only for the 'big' quakes and zero otherwise. Tables 6 and 7 show the results of these regressions for output and employment, respectively. The evidence largely confirms the baseline since the standard errors remain significantly high.
However, two differences emerge with respect to the baseline. The point estimate of the coefficients of Earthquake and Epicenter are higher than the baseline (respectively around six and four times higher) but the high standard errors make us interpret these results with caution (as shown in figure ? ? even epicentral provinces of episodes with a high magnitude do not necessarily show a negative deviation of output from trend). Moreover, the coefficients of Mercalli and Mercalli 2 (as shown in table 7) are significant although the sign of Mercalli is positive. This evidence suggests that employment in provinces reporting more severe damages might even be stimulated presumably as a result of the reconstruction activities which typically follows the event. According to our estimates, one level increase of the average Mercalli rank in an affected province increases employment by around 0.3 percent.
Next, we check whether our baseline results are influenced by the way we aggregate the observations at the municipal level. In our baseline scenario the regressors are constructed by taking the unweighted average of the municipal observations within the same province. In this second check we construct the same regressors as in the baseline but we take the weighted average of municipal observations using the population as a weight. The variables Earthquake and Epicenter become continuous variables bounded between 0 and 1 representing the share of the population affected by the event and the corresponding share in the epicentral province, respectively. On the other hand, the variable Mercalli becomes a measure of the damages accounting for their extension. The same weighting scheme applies to the instruments used in models 5 and 6. Tables 8 and 9 present the results of this robustness check for output and employment, respectively.
Despite the different weighting scheme, the magnitude and significance of all coefficients is comparable to the baseline. Standard errors remain high, the first stages of the instrumental variables regressions remain highly correlated to the damages and no significant impact of earthquakes is found in any model.
Finally, we check whether the baseline evidence is influenced by our classification of 'affected municipality'.
In our baseline we consider as 'affected' every municipality classified above Mercalli III. Because structural damages to buildings are reported only above the fifth level of the scale in this check we build new regressors starting from this different assumption at the municipal level. Virtually identical results are obtained by weighting the observations using the population as a weight. Tables 10 and 11 present the results of this robustness check. Column 2 (and 2c) replicates the baseline since the definition of the dummy Earthquake remains the same. All coefficients remain insignificantly different from zero and in the fixed effects estimates the sign is always positive. Overall, the evidence largely confirm the baseline results.
Conclusion
In this paper we suggest an innovative identification strategy (based on a newly compiled dataset covering 
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A The Mercalli scale -definitions -I Instrumental People: Not felt except by a very few people under exceptionally favourable circumstances.
-II Weak People: Felt by persons at rest, on upper floors or favourably placed.
-III Slight People: Felt indoors, hanging objects may swing, vibration similar to passing of light trucks,duration may be estimated, may not be recognised as an earthquake.
-IV Moderate People: Generally noticed indoors but not outside. Light sleepers may be awakened. Vibration may be likened to the passing of heavy traffic, or to the jolt of a heavy object falling or striking the building. 
B List and definition of control variables
Population: total number of residents at December, 31 th of each year. Source: ISTAT. Population65:
share of population older than 65 years old resident at December, 31 th of each year. Source: ISTAT.
Population85: share of population older than 85 years old resident at December, 31 th of each year. Source:
ISTAT. Index of young dipendency: ratio between number of people younger than 14 years old and people in working age (14-65 years old) at December, 31 th of each year. Source: ISTAT. Index of senior dipendency: ratio between number of people older than 65 years old and people in working age (14-65 years old) at December, 31 th of each year. Source: ISTAT. 
C Summary statistics

D Robustness checks -tables
